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May avarcLgee for Waahington. Measurements at Madi- 
son give a mean of 54 per cent, with a maximum of 64 
per cent on the 5th. 

Table 3 shows a deficienc in the total radiation for the 
month of 7 per cent at $ashington and an excess of 
10 per cent at Madison. 
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TABLE 2.-Vapor pressures at pyrheliometric stations on days when solar 
radiation intendies were m a w e d .  
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NOTE. 

There is evidence that the records of total solar and 
sky radiation at Lincoln, Nebr., and of the intensity of 
direct solar radiation at Santa Fe, N. Mex., are in- 
acdurate. Publication of these data is therefore deferred 
until the instrumental constants have been redetermined. 

- _ _  ~ ~ ~. 
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CITY SYOgE AND DAYLIGHT ILLU-ATION INTER-8. 
By HERBERT H. KIYBALL, Professor of Meteorology, and ALFRED H. 

THIEESEN, Meteorologut. 
(Weethpa Bureau, Washington, May 24,1917.1 

One of us has already called attention to the conaid- 
erable diminution in dayli h t  illumination, 

presence of smoke in the atmosphere. At Salt Lake City, 
Utah, this effect is specially niarked in the early morning 
hours, and when the wind is light it sometimes persista for 
n considerable time. In order to determine the extent of 

TdY in winter, in cities where so f t coal is burned, ue to the 

the diminution, hotometric measurements were made by 

in the MONTHLY WEATHER REVIEW for December, 1914, 
423648-653, the instrument having been lent him by the 
centrd office of the Weather Bureau for this pur ose. 

inas obtained at Salt Lake City on four different days, as 
fobows: February 15 and 16, 1916, which were cloudless, 
hut with much smoke in the atmosphere, and September 
1 and 28, 1916, on which neither cloud nor smoke was 
observed. The readings are iven in Table 1. 

includes three indcpendent hotonietric determinations. 

of illumination by a factor derived from the constants 
given in the REVIEW for December, 1914, 42:650. The 
milk glnss screen and blue glass VIA, there described, have 
always been used. Colunin 4 of Table 1, headed “Scr.,” 
indicates when screen L or D has also been used. 

Mr. Thiesseii wit i the Sharp-Millar photometer described 

In this study n comparison is made between t f: e read- 

It will be noticed that eac B series of readings usually 

The mean of each series has E een reduced to foot-candles 

m- 
CANDLES 

Sun’s zmltb ilistancc. 

FIG, l.--Compsrison of illuminetion intendties a t  Salt Lake Citr, Utah, with clew 
and mth smoky sky: 

........ 
- 

1 K i g d l  Herbrrt .H. The meteoroh ical 011 ct of the smoke problem. 8moh 
Invwtigatidn Bulletin No 5 Mellon Instftute o$Industdal Redear& and lchool of 
Specific Industrles, Unlve;si& of Plttsburgh, 1913; also MONTRLY WEATFIEP ItEWSW, 
anuary, 1914, 4229-35. 
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T h B m  l.-PhotomajC &tmminaEiona of daylight inteneity on a ho&onial 
w f a a  at Salt Lake m, Utah, lutitude, 40' 46/; longitude, 111' 54/. 
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Column 3 of Table 1, headed tcExp.," indicates by T 
and S, respectively, whether the photometer was exposed 
to the total hemispherical vault of the sky, includin that 

art occupied by the sun, or to the sky alone. a the 
fatter case a sr.reen was interposed between the instru- 
ment ancl the sun. In  column 10, the illumination 
intensity, I, has been reduced to intensity €or mean solar 
distance of the earth by multiplyin i t  by the square of 
the earth's radius vector, Ra. The i fi urnination intensity, 
I,, due to direct solar radiation alone, and likewise 
reduced to mean solar distance, is given in the last col- 
umn of Table 1. It has been obtained by subtracting 
the diffuse sk illuniination from the total illumination. 

%" The data o fy  columns 10 and 11 for the two clear da , 
and likewise for the t,wo smoky days, have been grouped y 
the zenith distance of the sun a t  the time of the measure- 
ments, and the means of each group are plotted in figure 1. 

From the curves thus constructed the com arkom 
given in Table 2 between the total, the direct so P ar, and 
the diffuse sky illuminations, on clear and on smoky days, 
have been obtained. From these comparisons i t  appears 
that on n smok day the total dayli h t  illumination is 
about two-thir B s and the direct soar  f illumination is 
about one-half what it is on a clear day, while the diffuse 
sky illumination is about one and two-thirds times the 
illumination from a clear sky. As a result of the above 
the diminution in dayli ht  illumination will be relatively 
less in rooms on the s a aded sides of buildings than in 
rooins on the sunny side. 

The diminution in the total, and in the direct solar, 
illumination is generd intensified with increase in the 
sun's zenith distance, w ;8; le at the same time the increase 
in the intensity of diffuse skylight becomes less marked. 

The smoke cloud at  Salt Lake City rises to a height of 
about 400 feet above thelevel of the businessstreets. Often 
t.he sky is clear at the time of the 6 a. m. (8 a. m. 75th meri- 
dian time) observation, but becomes smo b 7 a.m., and 
when the wind islight it remains smoky all $ f  ay ong. Such 
days maybe called "darkdays." Februyl6,1916,wasa 
dark day, and February 15 was dark unh about noon. 

From November 1 to March 3 1 the number of days with 
light smoke averages 82, and with dense smoke 25, 
making in all about 107 smoh7 days out of a total of 151 
days. When the smoke is dense artificial li h t  must be 
used quite late in the morning and earl in t e evening, 
and sometimes throughout the day. ~s 2ans a very 
considerable expense to the rivate famil p well as to 

able to the smoke. 
the manufacturer and merc i ant and is d! irectly charge- 

TABLE 2.-Cooniparbn of illumination inten.Gtie8 on clear and mmky day8 
at Salt Lake City, Utah. 

[Unit: Footcendle.1 

illumination. Sky illumlnatlon. 
Sun's I ,  

730 1 270 1.71 53.5 ....... 4,740 3 300 4,050 2,100 

lu.5 ....... 2,990 1 , m  0.81 ................................................ 
55.0 ....... 4 480 asso 0.87 3780 1,800 

61.3 ....... 3:400 2t070 0.81 ................................................ 59.0 ....... I 3.770 1 2)320 1 rz 1 3:no 1 1 , ~  1 !:? 1 I $2 1 ::z 
Means ..... I ........ I ........ I 0.641 ........I ........ I 0.481 ........I ........ I 1.64 

The total and direct solar illumination intensitia of 
September 1 and 88 average a little higher than those 
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for Mount Weather, Va., at the same season of the ear, 

referred to. The diffuse sky illumination, however, is 
markedly lesa. 

It is of interest to note that the results of this investi- 
ation show about the same ercentage of diminution in 

given by a comparison between the decomposition of 
oxalic acid at  Pittsbur h, Pa., and a t  Sedgwick, Pa., the 

as published in the REVIEW for December, 1914, a T) ove 

%q4ight illumination under t i e city smoke cloud as was 

latter a suburb of Pitts % urgh.l 

ON HOBIZONTAL EALOS. 
5s/. 5954 

By Y. TBULTI. 
[Beprfnredfron Journal of the Royal Meteorological Society 01 Japan, May, 1917,36: 63.1 

Horizontal halos are roduced by the refraction of 

form deposited on the surface of snow or ground, or [at the 
surface] of fresh1 fallen snow crystals. The author of 

Ueda in Nagano refecture, centrnl Japan. In  a general 

the equation for them in the ollowmg way : 

the sun's rays a t  the su r r  ace of frost crystals of tabular 

this article descri l es 50 cases of ground halos observed a t  

P consideration of t R ese optical henqmena he has deduced 

Z 

Re. I.-Construction Ulustmting Tmlji's demonstration on ground halos. 

In  figure 1 let 8 be the an le of deviation of the solar 
rays through an ice prism. % a b  the vertical through 
the observer as Z-axis and X and 6 ases in the plane of 
the halo, we get as the equation of the halo 

(a2+z2+y3)3 cos e= ( z -a  tan h) cos h, 
where _ _  - a is the height of the observer's eye, and h the sun's 
altitude. 

Transformine: the origin of the coordina,tes to the centcr 
of symmetry tfie equatyon becomes, 

The angle of deviation of the rays deduced from tvhe 
observation of the horizontal halos is considerably greater 
than 22' for the inner hitlo, and than 46' for the exterior 
halo. This shows that the ex lanation of the halos 

and must be founded on the principles of physical 
afforded by the geometrical met R od was unsatisfactory 

. optics.-T. Okada. 

[Weather Bureau Office, Vicksburg, M h . 1  

Unusual halo phenomena were observed a t  Vicksburg, 
Miss., on April 24, 1917. Attention was fist directed to 
the phenomena a t  11:15 a. ni., 90th meridian time, and 

In the first lace they continued visible until 12:15 
there was an ordinary halo usualEent ioned as o 22' 
radius. The circle was well de ed and the colors 
were brilliant. But the most strikin phenomenon was a 

WEATHER REVIEW, Jul , 1914, page 440. The colors of 
this arc were most b rdan t ,  shounng all of the s ectral 

nearest the sun, and the violet nearest the horizon. At 
times the band was broken owing to the shifting character 
of the clouds. Throu hout the period there were six to 

ing to he of the more matted cirro-stratus type. &ring 
most of the appearance the arc was 40' to 50' in length, 
and a t  11% a. m. estended from az. 523' to az. 43O. 
At about 11:40 a. m. a second complete circle was dis- 
covered, white in color and well defined, with its circum- 
ference passin throu h the sun, and its center north of 
the sun, proba 5 %  ly in t e circumference of the fist circle. 

It was some time before instruments could be gotten 
out with which to measure the aiwles and by that time 
the horizontal arc was becoming sgorter, and there was 
some difficulty in using a transit on account of the lenses. 
The elevation of the red edge of the arc was found to be 
25'. The elevation of the inside edge of the colored circle 
was found to be 50' 30'. These angles were measured a t  
11:55 a. ni. and 12 noon, respectively. The angular 
elevatiqn of the sun was not obtained a t  the time, but 
was obt.aiuecl a t  the same time on the next day by com- 
putation from the shadows. 

I 
circumhorixontnl arc, such as is descn % ed in the MONTHLY 

colors over a belt estimated a t  3' in width, the se B being 

seven tenths of cirrus c 5 ouds, those nearer the sun a pear- 

O I  

Elevation of Bun at 1155 a. m., 25th.. . . -. . - - -. . . . - -. . - -. . . . - 70 39 
Upper cdge of arc at 11:55 a. m., 34th _... - -. . . . - - -. . - -. -. . . _ _  25 00 

~~ 

Angular distance of arc. - . . - - -. . -. . . . . . . -. -. . . . -. . . . - 45 39 

Elevation of Bun at 12 noon, 25th..-. - -. . . . . - -. . . . ._ -. . . . . . - - 70 46 
Inner edge of circle, at 12 noon, 24th. -. -. -. . . . . -. . . -. - -. . . . - 50 30 

Radiusof circle ...................................... 20 16 

No measurements of the white circle were made on 
account of its height. 

Parhelia with prismatic colors wew observed, one above 
and one to the north of the sun a t  6 :17 . m. The an ar 

22'. At the same time there was a vertical light pillar, 
about the apparent width of the sun, and estending 
upward from it 8' or lo3.  

distance was not measured, but wns t K ought to be a Tl out 

HALO PHENOMENA APXIL 8, 1017, AT YOXK, N. Y.' 

'Mr. Milroy N. Stewart, of York, N. Y. (lat. N. 42' 
53' 30", long., 77' 53') contributes the following 
notes of halo phenomena observed April S, 1917: 

At 10:55 a. m. I noticed the very bright u per and 
lower arcs of a 38' halo. This caused me to loo R for the 
circumscribed halo formed by the t&ngent arcs, and almost 
immediately the arc on the western side appeared and in 
a very few minutes the eastern limb was apparent. At 

e 
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